We report a theoretical and experimental study of the absorption of wire grid polarizers vs orientation and wavelength. Measurement of absorption and surface damage thresholds are in good agreement with the theory.
In this paper we present a theoretical analysis of absorption of wire grid polarizers as a function of orientation and wavelength. We also report results of measurements of absorption and laser induced damage threshold of wire grids which are in good agreement with our theoretical analysis.
The theory of operation of wire grid polarizers has been the subject of several prior works. 1 -5 Only Casey and Lewis 4 5 have considered the effect of ohmic loss (i.e., finite conductivity of the wires) on the transmission and reflection of these devices; however their calculations were limited to the case of the light polarization vector parallel to the wires. Here we consider the cases of polarization vectors parallel and perpendicular to the wires and calculate the ratio of the absorption for the two cases as a function of d/X, where d is the wire spacing and X is the free space wavelength of the light.
Following the treatment in Ref. 3 we model the wires as flat strips of conductors on a flat insulating substrate, as shown in Fig. 1 . The parallel strips are assumed to have conductivity a and thickness h >> 6, where is the wavelength dependent skin depth. The width of the wires is taken to be equal to their separation d. We assume a linearly polarized plane wave at normal incidence. The dissipated power density in the conducting strips is W = eJ~ffIRe(Z), where Jeff = f ' J(x)dx is the effective surface current density induced in the wires, 6 Z is the impedance of the wires, and J(x) is the current at a distance x inside the metal strip. We first calculate the impedance of a conducting strip for polarization parallel to the strips to be Z 1 1 = (1 + i)Ou6. This is the same as the surface impedance of a good conductor. In the case of polarization perpendicular to the strips, this impedance is added to the impedance of the effective capacitance per unit length C formed by the space between the conducting wires (see Fig. 1 ). If w and c are the frequency and the speed of incident light, we have
The quantity C is dependent on the geometry of the problem. The total conduction current densities in both orientations are
Here, E(O) is the total field on the surface. The ratio of absorption of the radiation in the conducting strips in the parallel and perpendicular orientation is
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N IrC As a first approximation we calculate C to be
where is a unitless geometric factor and is treated as a free adjustable parameter. The ratio of the absorption now becomes known to lie far in the violet or ultraviolet region of the spectrum. Therefore the inductive capacity of a metal, e in the visible red can safely be assumed equal to its static value. Moreover if the conductor is nonferromagnetic the permeability is also approximately equal to its static value. It was also demonstrated by Hagen and Rubens 7 that the values of conductivity measured in static conditions may be employed without appreciable error well into the infrared. Only at wavelengths shorter than -0.25 gm does the conductivity exhibit a dependence on frequency. In our experiments wavelengths are longer than 0.53 gm. We used the value of 1.5 X 1017 s-1 for the static conductivity of aluminum given in Ref. 8 . The agreement between theory and experiment is remarkable considering the crude model used to calculate the capacitance of the grid.
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The polarizers used in our experiments were two wire grids of aluminum deposited on ZnSe substrate, one of the samples was overcoated with an antireflection (AR) coating on both surfaces. The period of wire grids was 0.84 jum with a symmetric 900 sawtooth groove shape, as illustrated schematically in Fig. 1 .
The measurements were performed using linearly polarized, normal incident pulses from a hybrid CO 2 Figure 3 shows the experimental results for the sample with AR coating on both sides for orientations of the wires parallel and perpendicular to the incident electric field. The damage threshold for this sample was 2 J/cm 2 (corresponding to a peak-onaxis irradiance of 15 MW/cm 2 ) when the wires were parallel to the incident field. Here we have defined the damage threshold as the lowest incident fluence (or irradiance) for which damage occurred. This measurement was repeated at 10.6 Mm for the sample without AR coating. The damage threshold of both sam- Fig. 3 . Damage data for the wire grid with AR coating. The threshold for this sample was less than the sample without AR coating by more than a factor of 2.
ples increased by more than a factor of 2 when the wires were oriented perpendicular to the incident electric field (i.e., the orientation for maximum transmission).
To study the effect of orientation of the wires on the absorption of the wire grids the photoacoustic method 10 was used. We monitored the photoacoustic signal generated in the wire grid with AR coating by coupling a PZT transducer to the side of the sample. To avoid surface damage the beam size on the front surface of the sample was kept large (3.2-mm FWe-2 M). Figure  4 shows the photoacoustic signal as a function of incident power at 10.6 gm for both orientations. The absorption of wire grids was greater by a factor of 3.6 when the polarization was parallel to wires. This is consistent with the measurement of damage thresholds in parallel and perpendicular orientation. Similar measurements were performed on the same sample using 30-ns pulses from a Q-switched YAG laser at 1.06
Am and its second harmonic (0.53 Am) to change X/d in our experiment. Table I summarizes the ratios of absorption of the wire grid with two different orientations measured at three different wavelengths. These results were compared with the theoretical model in Fig. 2 . The laser induced damage thresholds of our samples measured at 10.6 Mm are also shown in Table I . We have measured the surface damage thresholds of the wire grid polarizers at 10.6 Am. Damage thresholds were maximum when the polarization of light was perpendicular to wires. The ratio of absorption of parallel polarized light to that of perpendicular polarized light depends on X/d. The ratio of these two absorptions is greater than one for X/d >> 1 and it is less than one for X/d close to or smaller than one. This behavior is predicted by the theoretical model presented in this work. The ratio of surface damage thresholds under perpendicular polarized light and parallel polarized light at 10.6 Am is consistent with the ratio of absorptions for the two orientations. 
